Although new genetic and pharmacologic interventions that extend mammalian life span are emerging (e.g., dw/dw mutation, deprenyl, melatonin) [@B1][@B2][@B3][@B4]food restriction (FR)^4^ remains the only intervention repeatedly shown to increase life span and delay a wide spectrum of age-related diseases and physiologic changes [@B5][@B6]Restriction of total energy, not reduced protein or fat energy, appears to underlie the major contribution of reduced food intake to extended life [@B7]The greatest extension of life span is achieved when FR is initiated at early ages and sustained throughout life, although the benefit of FR is observed when FR is initiated in middle age and sustained throughout life [@B8]These data indicate that the antiaging effects of FR begin shortly after its onset and are cumulative. Previously, we demonstrated that 6 wk of FR in young rats had marked and differential effects on steady-state levels of the mRNAs encoding the major anterior pituitary (AP) tropic hormones [@B9]These changes are of potential importance to the initiation as well as maintenance of the altered physiologic state of the FR rats that ultimately leads to extended life.

Rats that have been restricted for 6 wk exhibit altered metabolic and hormonal characteristics that persist in many cases into old age. For example, blood glucose and insulin levels are lowered by FR and remain lowered throughout the life span [@B10]Similarly, plasma concentrations of triiodothyronine are lowered [@B11]and diurnal levels of free corticosterone are elevated throughout the life span of FR rats [@B12]Hormonal and other FR-induced changes that are sustained throughout the life span are more likely to be factors in the antiaging action of FR than are changes that are transient, given the evidence that the antiaging effects of FR are cumulative. This study was designed to determine which changes in tropic hormone mRNAs shown to be induced by FR in young male rats were sustained throughout life. In addition, we sought to determine whether FR attenuated any age-related changes in the steady-state levels of these tropic hormone mRNAs to gain insight into the age-retarding effects of FR on the pituitary of adult male rats.

MATERIALS AND METHODS
=====================

Animals and dietary procedures.
-------------------------------

Male Fischer 344 rats were obtained at 4 wk of age from Charles River Laboratories (Kingston, NY) and housed singly in plastic cages (25.4 cm × 24.13 cm × 20.32 cm) with wire-mesh floors suspended on a Hazleton-Enviro Rack System (Hazleton Systems, Aberdeen, MD) in a barrier facility [@B8]Rats were kept on a cycle of 12-h darkness and 12-h light (lights on at 0530 h). The presence of CAR Bacillus, murine virus antibodies (H-1 Virus, Kilham Rat Virus, Lymphocytic Choriomeningitis Virus, Parovirus, Pneumonia Virus of Mice, Rat Coronavirus/Sialodacryoadenitis Virus, Reovirus and Sendai Virus) and mycoplasma antibodies was monitored quarterly with serum samples from sentinel rats by Microbiological Associates (Rockville, MD). All tests for pathogenic organisms were negative. All procedures and experiments involving use of rats were approved by the Institutional Animal Care and Use Committee and are consistent with the NIH Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Education, the Guide for the Care and Use of Laboratory Animals and the Animal Welfare Act.

For the first 2 wk (i.e., until 6 wk of age) all rats consumed ad libitum (AL) a standard purified diet [@B13]At 6 wk, the ranges of their food intakes and body weights were 8.75 to 14 g and 74 to 119 g, respectively. At 6 wk, approximately half of the rats (Group AL) were randomly selected to be allowed to continue to eat this diet ad libitum until killing at 3, 6, 12, 18, and 24 mo of age. The other half (Group FR) were restricted to 60% of the mean food intake of Group AL, on a per animal basis, until killing at the same ages ([**Fig. 1***A*](#F1){ref-type="fig"}). Food intake by AL rats was measured twice a week from the designated 25 rats of Group AL rats (total 150 rats for Group AL) throughout the study period and the amount ingested per day calculated. The food intake of AL rats was significantly increased with age (age main effect, *P* \< 0.0001). FR rats were given their food allotment 1 h before the start of the dark phase of the light cycle.

![Food intakes and body weights of rats that consumed food ad libitum (AL) or were restricted to 60% of ad libitum intake (FR). (*A*) Effect of age on food intake (AL; *n* = 25 for 3, 6, 12 mo, *n* = 24 for 18 mo, and *n* = 12 for 24 mo). AL values are means ± SEM, . FR values are 60% of AL values at each age. (*B*) Effect of age and food restriction on body weight (*n* = 30 except *n* = 31 for 18 mo AL, and *n* = 29 for 24 mo AL). Values are means ± SEM, . \*Significantly different from AL (Tukey-Kramer test, *P* \< 0.0001).](4w0611626001){#F1}

Rats in both groups gained weight during the studies (*P* \< 0.05) [(Fig. 1B).](#F1){ref-type="fig"}The mean body weight of 3-mo-old FR rats (173 g) was 66% of that of 3-mo-old AL rats (261 g) (diet main effect, *P* \< 0.0001). It is important to note that the FR rats used in the present study were healthy and more active than AL rats. For example, FR rats exhibit increased voluntary physical activity [@B14]and, compared with AL rats, live longer and exhibit delayed onset and/or reduced incidence of many age-related diseases [@B15][@B16]

Tissue collection.
------------------

For measurement of proopiomelanocortin (POMC), follicle-stimulating hormone (FSH) β, luteinizing hormone (LH) β, thyroid-stimulating hormone (TSH) β, growth hormone (GH) and prolactin (PRL) RNA, tissue was collected at 0430, 0930, 1330, 1530, 1730 and 2130 h from 3-, 6-, 12-, 18- and 24-mo-old AL and FR rats. A total of 300 rats (150 AL and 150 FR rats; 5 AL and 5 FR rats at each time point for each age) were killed by decapitation. Rats were decapitated within 10 s of disturbance of their cage. Anterior pituitaries were dissected (the intermediate and posterior lobes were discarded), frozen in liquid nitrogen within 5 min from decapitation of the rat and stored at −70°C.

RNA preparation.
----------------

RNA was extracted separately from each AP, as previously described [@B17]The RNA yield of each sample was determined spectrophotometrically, assuming that 1 optical density at 260 nm (OD~260~) unit = 40 mg/L. Samples were stored in diethylpyrocarbonate-treated water at −70°C. The quality of the RNA extracted from each sample was monitored by 10 g/L agarose formaldehyde gel electrophoresis. All samples had 260:280 ratios of ∼2 and exhibited discrete 28S and 18S bands. The numbers of RNA samples used for each hormone measurement vary because the recovery of some of RNA was not sufficient to complete all measurements.

cRNA probe syntheses and Northern blot analyses.
------------------------------------------------

To synthesize riboprobe for POMC, a cDNA probe complementary to rat POMC mRNA from pSP64 plasmid containing a 396-bp AluI fragment from exon 3 of the rat POMC gene [@B18]was used. Other cDNA probes complementary to rat FSHβ, TSHβ, LHβ, GH and PRL were obtained as follows: FSHβ (rat FSH pGEM 3) and TSHβ (RP21) probes were obtained from Dr. Richard A. Maurer, Oregon Health Science University [@B19][@B20]For riboprobe synthesis, an EcoRV-PstI fragment of TSHβ clone in pBR322 (RP21) was subcloned to pBluescript II ks in our laboratory. LHβ (Sp64βrLH\#1) probe was obtained from Dr. James L. Roberts, Mount Sinai School of Medicine, New York [@B21]GH (pRGH-1) and PRL \[rPrl (pSP65)\] probes were obtained from Dr. Beth Schachter, Mount Sinai School of Medicine, New York [@B22][@B23]For riboprobe synthesis, a PstI-KpnI fragment of GH clone in pBR322 (pRGH-1) was subcloned to pBluescript II ks in our laboratory. The riboprobes were synthesized from these cDNA probes with T~7~ RNA polymerase for FSHβ and TSHβ, T~3~ RNA polymerase for GH and SP6 RNA polymerase for POMC, LHβ and PRL following reaction conditions specified by the vendor (Promega, Madison, WI) with ^32^P CTP (29.6 TBq/mmol, NEN, Boston, MA). Analyses for POMC, TSHβ, FSHβ, GH and PRL mRNAs were carried out by slot blot. Preliminary Northern blot analyses [@B24]using our riboprobes revealed single discrete positive bands for these mRNAs. Because Northern blot for LHβ mRNA revealed multiple bands, LHβ message was studied by solution hybridization and electrophoresis of the hybridized sample on nondenaturing polyacrylamide gel.

Slot blot analyses for POMC, FSHβ, TSHβ, GH and PRL mRNA.
---------------------------------------------------------

Slot blots were prepared as previously described [@B13]with the modification of the amount of RNA used. Duplicates of each AP RNA sample (250 ng for POMC, GH and PRL, 2.5 *μ*g for FSHβ and TSHβ) were used. To normalize values between blots for the same hormone, aliquots from pooled rat pituitary RNA (50, 100, 200 and 400 ng for POMC, GH and PRL, 0.5, 1, 2, and 4 *μ*g for FSHβ and TSHβ) were applied in duplicate to each membrane. Liver RNA, which contains no detectable POMC, FSHβ, TSHβ, GH or PRL mRNA, was added to some of the membranes as a negative control (100 and 500 ng for POMC, 100 ng for GH and PRL, 1 *μ*g for FSHβ and TSHβ in duplicate).

^32^P-labeled riboprobes for POMC FSHβ, TSHβ, GH and PRL were synthesized as described in the previous section. Hybridization was performed as previously described [@B24]Signal quantitation was performed with a storage phosphorimaging system (Molecular Dynamics, Sunnyvale, CA).

Solution hybridization for LHβ mRNA.
------------------------------------

The solution hybridization assay was performed as described previously [@B25]except using 1 *μ*g of AP RNA. To normalize values between gels, aliquots from pooled rat pituitary RNA (0.75, 1.5 and 3 *μ*g) were hybridized with ^32^P-labeled probe and loaded on each gel in duplicate. Liver RNA (1 *μ*g), which contains no detectable LHβ, was also hybridized with ^32^P-labeled probe and loaded on a gel in duplicate as a negative control. Signal quantitation was performed with a storage phosphorimaging system.

Statistical analysis and normalization of data.
-----------------------------------------------

The data were analyzed using two-way ANOVA [@B26]with two factors, age and dietary treatment. The food intake data of AL rats was analyzed by one-way ANOVA with age as a factor. The Box-Cox transformation [@B27]was used to meet the assumption of normality, and the Brown-Forsythe test [@B28]was used to test the assumption of homogeneity of variance. For the total RNA and tropic hormone mRNA analyses, a nonparametric method (Kruskal-Wallis test) [@B29]with adjusted *P*-value, *P*-value multiplied by the number of comparison, [@B30]was used to test for multiple comparisons of mean differences between dietary treatments (AL and FR) at each age (3 , 6, 12, 18 and 24 mo). Because the body weight data showed normal distribution, the comparison of the body weight between dietary treatments at each age was used post-hoc test (Tukey-Kramer) [@B26]For each response (body weight, total RNA and mRNAs for total POMC, POMC per *μ*g, total FSH β, FSH β per *μ*g, total TSH β, TSH β per μg, total LH β, LH β per *μ*g, total GH, GH per *μ*g, total PRL and PRL per *μ*g), the trends of means at ages were tested with nonparametric trend analysis [@B31]based on Kendall [@B32]ANOVA indicated the effect size [@B33]0.20 (moderate) to 0.75 (large) in most responses; the analysis had \>80% of power with *P* \< 0.05. The only exceptions were for POMC mRNA per *μ*g total RNA, total AP contents of POMC, TSH β and GH mRNAs, in which the effect size was \< 0.20.

How to normalize data in comparisons between FR and AL rats depends on the question being asked. In this paper, mRNA levels are expressed in the following two ways: *1*) total amount in the AP and *2*) normalized to micrograms of total AP RNA. The former measure provides an index of the effect of FR on the total pool of substrate available to the rat for translation. The latter provides a measure of specificity of the effect of FR on a given mRNA species beyond any general effect of FR on the total RNA population, i.e., ribosomal and all mRNA species.

RESULTS
=======

Preface.
--------

We obtained samples from rats at six time points throughout the light/dark cycle to determine whether there were diurnal variations in the expression levels of any of the mRNA species. Although several species showed a diurnal pattern (*P* \< 0.05), in no case did FR alter that pattern (i.e., there were no significant dietary treatment by time interactions). Therefore, all data are presented as means across time points.

Total RNA.
----------

[**Figure 2**](#F2){ref-type="fig"}shows the effect of age and FR on the levels of AP total RNA, largely reflecting the ribosomal RNA pool. Total RNA levels were significantly reduced by FR at 3, 6 and 24 mo of age (Kruskal-Wallis test, *P* \< 0.005). Total RNA increased with age (age, *P* = 0.0001) in both AL and FR rats, but the increase was greater in AL rats (diet, *P* = 0.0001; age × diet, *P* = 0.0165). Gross inspection revealed no abnormal growth in the AP of old AL rats. However, the total number of AP cells increased with age in AL rats but not in FR rats [@B34]and this may explain the greater increase of AP total RNA in old AL rats. These data are presented to aid interpretation of the effect of FR and age on specific mRNAs. Thus, when specific mRNAs are influenced by FR, even when normalized to total RNA abundance (e.g., POMC mRNA/*μ*g total RNA), those changes are at least partly independent of effects of FR on the entire pool of RNA. However, when only the total AP content of an mRNA is affected by FR, the effect is likely to reflect only the effect of FR to reduce AP mass, and consequently RNA species.

![Effect of age and food restriction on total RNA in the anterior pituitary (AP) of rats that consumed food ad libitum (AL) or were restricted to 60% of ad libitum intake (FR). Values are means ± SEM, \[*n* = 17--30 (median = 26)\]. \*Significantly different from AL (Kruskal-Wallis test, *P* \< 0.05).](4w0611626002){#F2}

POMC mRNA.
----------

[**Figure 3**](#F3){ref-type="fig"}shows the effect of age and FR on the levels of POMC mRNA/*μ*g AP total RNA ([Fig. 3*A*](#F3){ref-type="fig"}) and per AP ([Fig. 3*B*](#F3){ref-type="fig"}). When expressed per microgram of total AP RNA, POMC mRNA was significantly greater in FR than AL rats throughout the life span (diet, *P* = 0.0001). ANOVA also showed a significant age effect (*P* = 0.0022), but no age × diet interaction; with advancing age, POMC mRNA levels increased. However, because the total amount of AP RNA was significantly greater in AL than in FR rats (*P* = 0.0001), the AP content of POMC mRNA of AL and FR rats did not differ. Again, however, total POMC mRNA content increased significantly with age (*P* = 0.0001), more than doubling between 3 and 24 mo in AL rats. Again, there was no interaction between age and diet for POMC mRNA per AP.

![Effect of age and food restriction on proopiomelanocortin (POMC) mRNA in the anterior pituitary (AP) of rats that consumed food ad libitum (AL) or were restricted to 60% of ad libitum intake (FR). Values are means ± SEM, . (*A*) POMC mRNA per *μ*g AP RNA \[*n* = 20--25 (median = 24)\]. (*B*) Total POMC mRNA content in the AP \[*n* = 13--25 (median = 23)\]. \*Significantly different from AL (Kruskal-Wallis test, *P* \< 0.05).](4w0611626003){#F3}

TSHβ, GH and PRL mRNAs.
-----------------------

[**Figure 4**](#F4){ref-type="fig"}shows the effect of age and FR on the levels of TSHβ, GH, and PRL mRNAs in the AP. The effects of age and diet on the pattern of TSH β mRNA expression were similar whether expressed per microgram of AP RNA or total AP content. FR reduced TSH β mRNA/μg of AP RNA at 3 and 6 mo of age (Kruskal-Wallis test, *P* \< 0.0005). Total AP TSH β mRNA levels were also significantly lower in FR rats than in AL rats at 3 and 6 mo, and also at 12 mo of age (Kruskal-Wallis test, *P* \< 0.01). The reduction of TSH β mRNA by FR disappeared at later ages because of the age-related decrease of TSH β mRNA levels in AL rats. In AL rats, the levels of TSH β mRNA/*μ*g AP RNA and total AP TSH β mRNA declined ∼50% with age (nonparametric trend analysis, *P* \< 0.05) but were stable or increased ∼30% with age (nonparametric trend analysis, *P* \< 0.01), respectively, in FR rats.

![Effect of age and food restriction on thyroid-stimulating hormone (TSH) β, growth hormone (GH), and prolactin (PRL) mRNAs in the anterior pituitary (AP) of rats that consumed food ad libitum (AL) or were restricted to 60% of ad libitum intake (FR). Values are means ± SEM, . (*A*) TSH β mRNA per *μ*g AP RNA \[*n* = 18--30 (median = 27)\]. (*B*) Total TSH β mRNA content in the AP \[*n* = 17--30 (median = 26)\]. (C) GH mRNA per *μ*g AP RNA \[*n* = 21--25 (median = 24)\]. (*D*) Total GH mRNA content in the AP \[*n* = 13--25 (median = 23)\]. (*E*) PRL mRNA per *μ*g AP RNA \[*n* = 16--30 (median = 26)\]. (*F*) Total PRL mRNA content in the AP \[*n* = 16--30 (median = 26)\]. \*Significantly different from AL (Kruskal-Wallis test, *P* \< 0.05).](4w0611626004){#F4}

In FR rats, GH mRNA levels were stable across the life span. By contrast, in AL rats, GH mRNA/*μ*g AP RNA decreased \>50% between 3 and 24 mo (nonparametric trend analysis, *P* \< 0.05), although the same decrease did not occur for total GH mRNA. As a consequence of its age-related decline in AL rats, GH mRNA/*μ*g AP RNA in AL rats fell below levels in FR rats between 12 and 18 mo and remained lower thereafter (Kruskal-Wallis test, *P* \< 0.05 at 18 and 24 mo). The AP content of GH mRNA, but not GH mRNA/*μ*g AP RNA, was significantly lower in FR rats than in AL rats (diet, *P* = 0.0344). This effect of FR was restricted to the younger age groups, i.e., Kruskal-Wallis testing showed a significant decrease in total GH mRNA only at 3 mo in FR rats.

PRL mRNA increased markedly with age (*P* = 0.0001), but FR reduced the magnitude of the age-related increase (age × diet, *P* = 0.0001); overall, it reduced PRL mRNA levels (diet, *P* = 0.0001). The levels of PRL mRNA/*μ*g AP RNA were stable across the life span in FR rats, but rose progressively in AL rats from 12 mo onward compared with FR rats (nonparametric trend analysis, *P* \< 0.01 and Kruskal-Wallis test, *P* \< 0.01 at 18 and 24 mo). Total AP content of PRL mRNA increased with age in both AL and FR rats (nonparametric trend analysis, *P* \< 0.05). However, the total AP content of PRL mRNA was significantly higher in AL rats than in FR rats at all ages except 12 mo (Kruskal-Wallis test, *P* \< 0.05).

LHβ and FSHβ mRNAs.
-------------------

[**Figure 5**](#F5){ref-type="fig"}shows the effects of FR and age on the levels of the gonadotropic hormone β subunit mRNAs. The effects of age and diet on LH β and FSH β mRNAs were similar. Expressed per microgram of AP RNA, these two mRNAs were significantly elevated in FR rats compared with AL rats (diet effect on both mRNAs, *P* = 0.0001). However, the real increases were seen only at 18 and 24 mo of ages (Kruskal-Wallis test, LH β mRNA; *P* \< 0.05 and FSH β mRNA; *P* \< 0.0005). Levels of both mRNAs did not differ in AL and FR rats at 3, 6 and 12 mo of age, but rose thereafter in FR rats. There were age effects on the levels of LH β mRNA/*μ*g AP RNA (*P* = 0.0338) and FSH β mRNA/*μ*g of AP RNA (*P* = 0.0001). However, nonparametric trend analysis showed that these effects were restricted to FR rats (*P* \< 0.01 for LH β mRNA and *P* \< 0.05 for FSH β mRNA). The AP contents of LH β and FSH β mRNAs showed patterns similar to those of the mRNAs normalized to micrograms of AP RNA, increasing in FR rats compared with AL rats (diet effect on both, *P* = 0.0001). However, the significant increases were apparent only at 18 and 24 mo (Kruskal-Wallis test, LH β mRNA; *P* \< 0.05 and FSH β mRNA; *P* \< 0.0005). There were age effects on the AP contents of LH β (*P* = 0.0213) and FSH β (*P* = 0.0001) mRNAs. This effect was due mainly to the increase with age of both mRNAs seen in FR rats (*P* \< 0.01 for LH β mRNA and *P* \< 0.05 for FSH β mRNA). In AL rats, the AP contents of both mRNAs were not significantly affected by age.

![Effect of age and food restriction on luteinizing hormone (LH) β and follicle-stimulating hormone (FSH) β mRNAs in the anterior pituitary (AP) of rats that consumed food ad libitum (AL) or were restricted to 60% of ad libitum intake (FR). Values are means ± SEM, . (*A*) LH β mRNA per *μ*g AP RNA \[*n* = 5--9 (median = 7)\]. (*B*) Total LH β mRNA content in the AP \[*n* = 5--9 (median = 7)\]. (*C*) FSH β mRNA per *μ*g AP RNA \[*n* = 18--30 (median = 27)\]. (*D*) Total FSH β mRNA content in the AP \[*n* = 17--30 (median = 26)\]. \*Significantly different from AL (Kruskal-Wallis test, *P* \< 0.05).](4w0611626005){#F5}

DISCUSSION
==========

This study is the first to demonstrate that chronic FR has marked effects on steady-state levels of all the pituitary tropic hormone mRNAs throughout the life span. These effects are hormone specific, and the effects of FR often differ at different ages. Because these pituitary mRNAs encode hormones with pleiotropic effects, including the regulation of major physiologic systems and metabolic activities, their alteration is of potential importance to the initiation and maintenance of the altered state of FR rats as well as to the antiaging mechanisms of FR.

The marked increase of the levels of total RNA in AL rats compared with FR rats after 18 mo of age was probably caused by increased mass of the AP. Pituitary weight increases with age in both AL and FR rats; however, the increase is greater in AL rats than in FR rats after 18 mo [@B34]Shimokawa et al. [@B34]reported that aging increased the total number of parenchymal cells in the anterior lobe, whereas FR decreased the total number of parenchymal cells in proportion to the pituitary weight.

POMC mRNA was the only message not down-regulated by FR at any age, whether expressed as total pituitary content or normalized to total RNA, and it was the only mRNA species elevated by FR when normalized to total RNA. POMC mRNA was also not downregulated in our previous study of 3-mo-old AL and FR rats [@B9]One possible explanation for persistent elevation of POMC mRNA in FR rats is its relationship to the hyperadrenocortical status of FR rats [@B35]Although plasma concentrations of most hormones are reduced by FR [@B11][@B36][@B37]at least during early adulthood, the diurnal peak of plasma corticosterone is elevated in FR rats [@B12]and mice [@B38]Because POMC is the precursor of adrenocorticotropic hormone (ACTH), which stimulates corticosterone synthesis and secretion, one might postulate that the elevation of POMC mRNA would be associated with elevated ACTH. However, diurnal plasma ACTH concentrations are not increased by FR [@B35]Clearly the relationship between POMC mRNA and ACTH secretion in FR rats is not straightforward. There is a drive to elevate POMC mRNA levels in FR rats that is blocked distally (i.e., at the level of translation, post-translational modification or secretion), such that circulating levels of ACTH are not concomitantly elevated. It is tempting to speculate that the unique elevation of POMC mRNA may provide a substrate reserve in FR rats for greater production of ACTH and corticosterone to better handle unusual stress, which has been postulated to play a role in the natural selection for the altered status of FR rats [@B39]

TSH β mRNA levels were among those most profoundly affected by FR. Previously, we showed that FR significantly reduced TSH β mRNA, whether expressed as total pituitary content or normalized to total RNA, at 3 mo of age [@B9]TSH β mRNA levels were markedly reduced in FR rats until old age, when the age-related decline of this message in AL rats eliminated this effect. These results are consistent with reports of reduced TSH in young chronically FR rats [@B36]and reduced thyroid hormone levels in chronically FR rats throughout life [@B11][@B40][@B41]This moderately hypothyroid state may contribute to altered metabolic status of the rats; ultimately, it could play a role in its extended life span. It is noteworthy that FR shifts the cardiac myosin isozyme profiles of FR rats to those of a hypothyroid state [@B42][@B43]

As we had seen before [@B9]FR suppressed GH mRNA at early ages. This report reveals that this effect is not sustained as the rats age. In our previous report, the effect was significant when the data were expressed per microgram RNA or as total amount per pituitary. In the current study, the effect was significant only when expressed as total GH mRNA content. It is noteworthy that the effect of FR on GH mRNA was much more transient than its effect on POMC and TSH mRNAs. By midlife, GH mRNA levels (per *μ*g total AP RNA) did not differ between FR and AL rats, and by old age, levels of GH mRNA/*μ*g RNA were higher in FR rats than in AL rats. Although complete age-course studies of circulating levels of GH have not been reported, our GH mRNA data roughly parallel and may thus explain in part the effect of FR on plasma GH. At early ages, FR reduces plasma GH levels [@B36][@B37][@B44]By contrast, in old rats, when GH levels of AL rats have fallen, FR sustains youthful pulsatility [@B44]It is also noteworthy that the age-related decline in GH mRNA in AL rats, which also occurred in TSH mRNA, did not occur in FR rats. Thus, FR, in addition to altering steady-state levels of hormone-encoding mRNAs in young and middle-aged rats, delays age-related changes in expression of specific pituitary mRNAs. Whether these age-retarding effects reflect actions of FR intrinsic to the pituitary or are secondary to effects of FR on aging of hypothalamic function (i.e., on hypothalamic releasing factors) is not known. This question deserves study to map more completely the action of FR on hypothalamic-pituitary-hormone action. Identifying hypothalamic or other higher centers that are central to regulating these changes is an important step in identifying the input metabolic or other types of signals that mediate this potentially important action of FR.

FR greatly attenuated the age-related increase in PRL mRNA. In addition, as reported earlier [@B9]levels of PRL mRNA in even young adults were reduced by FR. The prevention of PRL mRNA elevations by FR is paralleled by the marked delay in prolactinoma development in FR rats [@B45][@B46]and may contribute to reduced mammary cancer and other deleterious consequences of elevated PRL on peripheral targets.

It is noteworthy that the only other mammalian models with life span extensions equivalent to those of FR rats are strains of dwarf mice with mutations that eliminate TSH, GH and PRL secretion [@B47]These are the same hormones with mRNA levels and blood levels that are reduced by FR during at least some fraction of the life span. The observation that these same hormones are also reduced by FR strengthens the notion that one or more of these hormonal changes contribute to life span extension in both mutant mice and FR rats.

Previously, we observed an effect of FR on the levels of LH β and FSH β mRNAs in 3-mo-old rats sampled at two time points during the day [@B9]However, in this study, involving a larger number of rats sampled at six times during the day, FR had no effect on LH β or FSH β mRNAs at 3, 6 or 12 mo of age. However, after rats reached 12 mo of age, FR not only prevented the age-related decrease in these two messages, but actually resulted in an increase in their expression levels. Although serum gonadotropin levels have not been reported for aged FR rats, they are decreased in aging AL male F344 rats, a result that parallels our finding of a reduction in the cognate mRNAs for these hormones in AL rats. Although testosterone levels are also decreased in AL F344 rats, progesterone levels are markedly elevated [@B48][@B49][@B50]Gruenewald and colleagues [@B49]postulated that the elevated progesterone, through negative feedback at the hypothalamic-pituitary level, underlies the reduced gonadotropin levels of aged F344 rats. Elevated progesterone could also account for the suppression of gonadotropin mRNAs that we observed. Increased progesterone and reduced testosterone in AL F344 rats are believed to be consequences of the Leydig cell tumors that are common in aged F344 rats [@B48][@B51]Because FR reduces the incidence of Leydig cell tumors [@B52]the absence of suppressed gonadotropin mRNAs in old FR rats may reflect reduced testicular tumorigenesis. Why gonadotropin mRNAs in old FR rats are elevated, however, rather than maintained at young values, is less apparent.

In conclusion, the effect of food restriction on expression levels of mRNAs encoding major pituitary tropic hormones is remarkably complex. The changes corroborate many but not all of the changes reported elsewhere in blood levels of hormones the mRNAs encode. Together, these findings point to a highly altered state of endocrine activity in FR rats. That many of the hormonal changes in FR rats correspond to those in mutant mice with extended life span provides added impetus to determine the role if any of altered hormonal status to the extended life of these animal models
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